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第1节：引言—数据的价值 

Varied Big Data in Our Life 



Framework used in processing Big Data 



Ref: http://blogs.nature.com/ 

Scientific Data to complement and promote public data repositories 





一个超越时代的
天才! 



Hugo de Vries  

(Netherlands) 

Carl Correns  

(Germany) 

Erich Tschermak  

(Austria) 

Rediscovery of Mendel’s work 



英勇的人民子弟兵在抢救地震中的受难群众（2008.05.12） 



数据是极其有用的，值得挖掘！ 

数据 



Bioinformatics: from data to knowledge 

常
见
的
生
物
学
数
据 



Raw Data 

(e.g.,optical image 
capturing hybridization) 

Primary Data 

(e.g.,spot level 
microarray data) 

Secondary data 

(e.g.,normalized gene 
expression) 

Analysis results 

(e.g.,list of differentially 
expressed genes figures) 

Publication/report 

(e.g.,pdf,Word 
document,) 

Biological  Samples 
for Measurement 

(e.g.,extracted RNA) 

step
3

 

New 
knowledge 

Experiment 
Data summary 

Preprocessing 

Data analysis 
Data 

dissemination 

Research pattern for 
Biological discoveries 

(Wet + Dry) 



Biology, experimental or computational? 



Q: Was computational biology a risky career choice? 

A: Yes. But I never looked back, even though at one point I came to 

feel that computational biology and bioinformatics were viewed as 

eccentric and unorthodox.  

My Ph.D. mentor exuded such unwavering optimism and confidence 

(坚定不移的乐观和信心), however, that it made his lab a great 

place to work. Altogether, during my Ph.D., I published 10 papers. 

Ref: Teichmann, S. & Pain, E. Biology, wet and dry. Science 349, 662 (2015). 



Biological 
problem 

Research 
design 

Data  
acquisition 

Data 
preprocessing 

Statistical 
analysis 

Metabolite 
annotation 

Biological 
interpretation 

How to select optimal 

normalization method? 

Data analysis plays a crucial 
role in metabolomics field 

How to integrate 

the Omics data? 

How to stably 

identify biomarkers?  How to annotate the 

metabolites, effectively? 

① 

② 

③ ④ 

Li, B. et al. Performance evaluation and online realization of data-driven normalization methods used in LC/MS based 

untargeted metabolomics analysis. Scientific reports 6, 38881 (2016). 

 Front Pharmacol 
(IF=3.867), 10: 
127, 2019 

Scientific Reports 
(IF=5.228). 
13;6:26883, 2016 

Nucleic Acids Res 
  (IF=11.147), 2017, 
45(W1): 162-170.  

Briefings in 
Bioinform. IF=9.101), 
bbz049, 2019 

There 

are still 

many 

issues 

to be 

solved 

in this 

field！ 

Briefings in 
Bioinform. IF=9.101), 
bby127, 2019 



Ref: Pain, E. Biology, wet and dry. PLoS Biology  349, 662-662 (2017). 

• Here, I argue that computational thinking and 
techniques are so central to the quest of understanding 
life that today all biology is computational biology.  

• Computational biology brings order into our 
understanding of life, it makes biological concepts 
rigorous and testable, and it provides a reference map 
that holds together individual insights.  

• The next modern synthesis in biology will be driven by 
mathematical, statistical, and computational methods 
being absorbed into mainstream biological training, 
turning biology into a quantitative science. 



Bioinformatics is an interdisciplinary field, and it mainly develops methods 
and software tools for understanding biological data.  

 ① To access existing information and 

to submit new entries 

 ② To develop tools and resources 

 ③ Using these tools to analyze the 

data and interpret the results 

Aims 

生物信息学是研究生物医学资源中蕴含的重要信息的学科，其核心是解决生物学

问题，常规的研究内容包括生物大分子的序列、结构和功能，以及它们之间的相

互作用等。 

第2节：什么是生物信息学 



1950-1970 1970-1980 1980-1990 1990-2000 2000-2010 2010-today 

The origins Parallel advances 
in biology and 
computer science 

High-throughput 
bioinformatics 

Paradigm shift from 
protein to DNA analysis 

Genomics, structural 
bioinformatics and the 

information 
superhighway 

Present and future 
perspectives 

It is easy for researchers to believe that modern bioinformatics are 

relatively recent, coming to the rescue of NGS data analysis. 

However, the very beginnings of bioinformatics occurred more than 

50 years ago, when desktop computers were still a hypothesis and 

DNA could not yet be sequenced. 

第3节：生物信息学发展简史 



Multi-scales 

from 
micro 

to 
macro 



 1950~1970: The origins 

• It did not start with DNA analysis 

• Protein analysis was the starting point 

• Dayhoff: the first bioinformatician 

• The computer-assisted genealogy of life (生命谱系) 

• A mathematical framework for amino acid substitutions 

Edman Sequencing  COMPROTEIN 





 

• Deciphering of the DNA language: the genetic code 

• Cost-efficient reading of DNA 

• Using DNA sequences in phylogenetic inference 

DNA is the least abundant macromolecular cell component that 
can be sequenced. 

1970~1980: Paradigm shift from protein to DNA analysis 



DNA replication,  

in vivo (体内) and in vitro (体外) 

Take replicating in vitro 
as example 

双脱氧终止法测序原理 



 1980~1990: Parallel advances in biology and computer science 

• Molecular methods to target and amplify specific genes 

• Access to computers and specialized software 

• Bioinformatics and the free software movement 

• Desktop computers and new programming languages 

DEC ODO-8, 1965 
a ‘minicomputer’ fairly had the dimensions 

and weight of a small household refrigerator  

DEC VAX-11/780 Minicomputer. From right to left: The computer 
module, two tape storage units, a monitor and a terminal. The GCG 
software package was initially designed to run on this computer. 



HP-9000 desktop workstation running the Unix-based 
system HP-UX. Image: Thomas Schanz//CC-BY-SA 3.0. 

PubMed Key: (perl bioinformatics) AND (“1987”[Date-
Publication]: “2000” [Date-Publication]). 

Perl lan
gu

age (1
9

8
7

) 



 1990~2000: Genomics, bioinformatics and the information superhighway 

Dawn of the genomics era 

Bioinformatics online 

Beyond sequence analysis: structural bioinformatics 

Hierarchical shotgun 

sequencing versus 

whole genome 

shotgun sequencing. 

Both approaches 

respectively 

exemplified the 

methodological rivalry 

between 

the public (NIH, A) and 

private (Celera, B) 

efforts to sequence the 

human genome. 

In 1995, the first complete genome sequencing of 

a free-living organism (Haemophilus influenzae) 

was sequenced. However, the turning point that 

started the genomic era, as we know it actually, 

was the publication of the human genome at the 

beginning of the 21st century. 



 

 Second-generation sequencing 

 Biological Big Data 

 High-performance bioinformatics and collaborative computing 

2000~2010: High-throughput bioinformatics 



 

 Clearly defining the bioinformatician profession 

 Is the term ‘bioinformatics’ now obsolete (过时的)? 

 Towards modeling life as a whole: systems biology 

2010~Today: Present and future perspectives 



Indeed, the use of computers has become ubiquitous in 

biology, as well as in most natural sciences (physics, 

chemistry, mathematics, cryptography, etc.),  
 

but interestingly,  
 

only biology has a specific term to refer to the use of 
computers in this discipline (‘bioinformatics’).  

Why is that so?  



 序列比对、装配 

 基于预测 

 多态性 

 RNA表达分析 

 分子进化 

 结构预测 

 分子间相互作用 

重要知识点 

第4节：生物信息学在生命科学中的应用 



 

意义：寻找保守区，酶切位点，重要基序，进化分析等 

Seq Logo 

4.1 序列比对 



Ref: Negi A P,  et al. Computational biology and chemistry, 2020, 87: 107306. 



 

● Genome Assembly - Create new 
reference ‘from scratch’ 

● Examine reads for overlapping 
sequence 

● Contig - longer assembled sequence 
from short reads 

● Scaffold - assembled contigs 
● Chromosome - assembled scaffolds 
● Assembly from short reads is hard 

De novo assembly 

Basic Principle 

Ref: Baker M. Nature methods, 2012, 9(4): 333-337. 4.2 序列装配（组装） 



Anatomy of whole-genome assembly. Overlapping shredded bactig fragments (red lines) and 

internally derived reads from five different individuals (black lines) are combined to produce a 

contig and a consensus sequence (green line). Contigs are connected into scaffolds (red) by using 

mate pair information. Scaffolds are then mapped to the genome (gray line) with STS (blue star) 

physical map information.   

（read/村 ─ Contig/镇 ─ Scaffold/县 ─ Chromosome/省 ─ Genome/国家） 

HGP测序策略 



 

Gene prediction methods 

ab initio Homology 

Gene signals Gene content 

 Start/stop codons 
 Intron splice signals 
 Transcription factor binding 

sites 
 Ribosomal binding sites 
 Poly-A sites 

 Statistical description of 
coding regions 
 

 Difference between coding 
and non-coding regions 
 

 Translated DNA matches 
known protein sequences 
 

 Exons of genomic DNA match 
a sequenced cDNA 

 

Statistical approaches 

• Exploit statistical characteristics of coding regions and non-coding 
regions and other knowledge about gens 

• Can be potentially detect new genes 
• May not be reliable 

Similarity approaches 

• Exploit fact that many genes 
are conserved across species 

• Can  be highly reliable 
• Good at finding known genes 

4.3 基因识别（预测） 



Fig. Schematic overview of eukaryote gene prediction methods and the underling sensors 
routinely used to locate genes in genomic sequences 

Ref: Sleator R D. Gene, 2010, 461(1-2): 1-4. 

Empirical gene predictors, also 

referred to as sequence similarity 

based gene-finders, identify 

genes based on homology 

searches of known databases (g 

DNA, cDNA, dbEST, or protein) 

Ab initio (or de novo) gene-finders 

rely on sequence information 

afforded by both signal and 

content sensors. 该方法（如NN、 

Fourier transforms 、 Markov 

Model等）主要通过对基因结构
建模，以实现基因预测。 



 

Roses A D. Pharmacogenetics and the practice of medicine[J]. Nature, 2000, 405(6788): 857-865.  

Notes:  

• Once in every 1,000 

nucleotides on 

average; 

• There are roughly 

4~5 million SNPs in 

a person's genome;  

• Scientists have found 

more than 100 

million SNPs in 

populations around 

the world. 

4.4 基因多态性分析（如SNP） 



Komar A A. SNPs, silent but not invisible[J]. Science, 2006.  

 SNP and Protein 



 

Xu G, Xu W Y, Xiao Y, et al. The emerging roles of non-coding competing endogenous RNA in hepatocellular 

carcinoma[J]. Cancer Cell International, 2020, 20(1): 1-21. 

4.5 细胞内RNA表达分析 



The World of RNAs 

Coding RNAs 
mRNAs 

ncRNA: non-coding RNA， 

rRNA: ribosomal RNA， 

tRNA: transfer RNA， 

miRNA: micro RNA， 

piRNA: piwi RNA， 

siRNA: small interfering RNA， 

crasiRNA: Centromere repeat associated 

small interacting RNA， 

telsRNAs: telomere-specific small RNA， 

snoRNA: small nucleolar RNA， 

tiRNA: transcription initiation RNA， 

snRNA: small nuclear RNA， 

scRNA: small cytoplasmic/ conditional 

RNA， 

Prompts: promoter-upstream transcripts， 

lincRNAs: Long intergenic noncoding 

RNAs， 

 

 

 

 

 

 

 

 

eRNAs: enhancer-derived RNAs， 

NATs: natural antisense transcript， 

TUCRNAs: transcribed ultraconserved 

RNAs， 

cis-lncRNA: cis-acting long non coding 

RNA， 

trans-lncRNA: trans-acting long non 

coding RNA， 

ceRNA: competing endogenous RNA. 

(House-keeping RNAs) 



Fig. Summary of ncRNAs act as ceRNAs mediated function in hepatocellular carcinoma progression.  





Xu G, Xu W Y, Xiao Y, et al. The emerging roles of non-coding competing endogenous RNA in hepatocellular 

carcinoma[J]. Cancer Cell International, 2020, 20(1): 1-21. 



 4.6 分子进化分析 



Fig. Simplified workflow of phylogenomic approaches, A and B.  

(A) The classical approach 

based on multiple sequence 

alignment.  

(B) An alternative 

approach based on 

alignment-free 

methods, for a 

simple analysis 

example of 

homologous 

sequences 1, 2, 3 

and 4, with a 

known phylogeny 

as a reference 

(shown on top) 
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 

Protein 
Sequence 

Homologue 
In PDB 

Secondary 
Structure 
Prediction 

Fold 
Recognition 

Database 
Searching 

Multiple 
Sequence 
Alignment  

Homology 
Modeling 

3D Model 
of Protein  

Predicted 
Fold 

Sequence-
Structure 
Alignment 

Ab initio 

Structure 

Prediction 

No 

Yes 

Yes 

No 

Overall Method 

4.7 结构预测 



Refs: Munsamy G, et al. Letters in Drug Design & Discovery, 2017, 14(9): 1099-1111. 
          Cavasotto C N, et al. Drug discovery today, 2009, 14(13-14): 676-683. 



Traditional workflow of structure-based drug design (SBDD) and ligand-based drug design (LBDD). 



 

网络分析与通路分析 

4.8 分子间相互作用 



★美国及其周边重要航空枢纽 



爱情 

寂寞 

永远 

诗词歌赋中的人生 

词频与关键词网络分析 

• 22996首歌曲 
• 844位歌手 



Fig. Responses to 

water deficit and 

recovery across root 

domains reveal 

dynamic patterns of 

translatomes and 

contrasting metabolic 

pathways 

Ref:  
Reynoso et al.,  

2022, 

Developmental  

Cell 57, 1177–1192 



 人类基因组计划 

 生物组学 

 生物大数据 

 知识发现 

重要知识点 

第5节：大数据时代的生物信息学 



 

The human genome project was initiated in 1990 in order to 
sequence the whole genetic content of the human genome 
and other species to know genes and their functions. 

遗传图 
物理图 
序列图 

基因图 

Ref: Collins F S, et al. Science, 2003, 5617: 286-290.  

TP53 
TNF 

EGFR 
IL6 

VEGFA 
APOE 

TGFB1 
MTHFR 

To
p

 8
 ge

n
e

s 
5.1 人类基因组计划 



对人类基因组的认识越来越清晰 

Ref: Willyard C. New human gene tally reignites debate[J]. Nature, 2018, 558(7710): 354-356. 



Ref: X. L. Wang, et al. Protein & Cell, 2018, 9(4): 317-321  

★中国在行动 杨焕明院士（前排右二） 

Last update: 17/08/21 
Newly update: 21/08/22 

截止目前，人类基因组

被明确的基因数目如下： 

https://www.genenames.org/download/statistics-and-files/ 

19206↑ 

8906↑ 

14008↑ 

1004↑ 

43124↑ 



Increasing diversity in genomics. A) The Human Genome Project (HGP) was 
established in 1990 and completed in 2003, with the first draft of the human genome 
published in 2001. Since then, collaborative efforts have resulted in the analysis of large 
numbers of genomes from increasingly diverse populations. Milestones of note include 
the International HapMap Project and the 1000 Genomes Project. b) Today, there are 
many ongoing projects to sequence populations around the world. 

多样化的人类基因组 

Ref: Charles N., et al. Nature, (2021): 220-221. 



 5.2 生物组学 (Omics) Ref: Yugi K, et al. Trends in biotechnology, 2016, 34(4): 276-290.  

 What can happen? Human genome contains roughly 3 billion nucleotides and just under 

20,000 protein-coding genes - an estimated 1% of the genome’s total length.  

 What appears to be happening? Approximately 360,000 mRNA molecules are present in a 

single mammalian cell, made up of about 12,000 (14,000 for human) different transcripts with 

a typical length of around 2 kb. Some mRNAs comprise 3% of the mRNA pool whereas others 

account for less than 0.1%. These rare or low-abundance mRNAs may have a copy number of 

only 5~15 molecules per cell. 

 What makes it happen? Human body contains 80,000~400,000 proteins in proteome, while A 

typical cell holds 42 million protein molecules, scientists reveal.  

 What actually happens? HMDB collects detailed information ~3100 metabolites found in 

human urine along with 4651 metabolites found in human serum.  



The use of multi-omics platforms to identify novel mechanisms and uncover exercise 
signatures. Integrating data from multi-omics systems to understand genetic variants and 
epigenetic marks, gene expression and miRNAs, proteins, and metabolites  during exercise to 
define molecular pathways of exercise. 

Ref: Bernardo B C, et al. Physiol. Reviews, 2018, 98(1): 419-475.  



Ref: Deng Y, et al. Annual review of biomedical engineering, 2019, 21: 365-393. 



 

生物大数据 生物学知识 

Metabolomics 

Genomics 

Transcriptomics 

Proteomics 

数据分析 

5.3 生物大数据与知识发现 



Big Biomedical Data. The 5Vs model is utilized to characterize the very nature of big 
biomedical data. As observed, the dominant big data dimensions, i.e., volume, velocity, 
variety, veracity, and value, are present in existing biomedical datasets. 

Ref: Vidal, et al. Current Trends in Semantic Web Technologies. Springer, Cham, 2019. 25-56. 



大数据的3V~8V 

大容量 
 While volume is by no means the only 

component that makes Big Data “big,” it is 
certainly a primary feature.  

快速化 
 Big Data technology allows databases to process, 

analyse, and configure data while it is being 
generated – sometimes within milliseconds. 

多样化 
 Big Data is typically comprised of combinations of 

structured, unstructured, and semi-structured 
data. 

真实性 
 Big Data, it’s only valuable if it is accurate, 

relevant, and timely. 

价值化 
 Without question, the results that come from Big 

Data analysis are often fascinating and 
unexpected.  



Fig：潜在的高价值信息来源的图谱，可能与个人联系在一起用于医疗保健 



个性化医疗与精准医学 



第6节：总结与展望 



 

• 观察描述 

• 实验方法 

• 分子生物学方法 

• 计算机辅助法、系统论 

6.1 生物学发展简史及特点 





宏

观

到

微

观 


单

一

到

交

叉 


实

验

到

计

算 



 

Theory 
实验生物学 

理论生物学 

计算生物学 

6.2 生物学知识的来源各异 



 运用计算机科学的基本理念，进行问题求解、系统设计及理解人类
行为。即一种运用计算机科学的基本理念来解决问题的思考方式。 

We are all computational thinkers here!  

6.3 计算思维 



Thanks for your attention! 
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